Abstract.
Introduction 1
Silica fume is a very fine amorphous silica powder produced in electric arc furnaces as a 2 by-product of the manufacture of alloys with silicon or elemental silicon. This silica 3 fume by-product has been of significant interest to the concrete industry. Sharp (1) and 4
Bernhard (2) were the pioneers in the field of silica fume in concrete and since the 5 potential test was previously diluted with distilled water. The suspension was injected 1 into an electrophoresis cell and resulting data was an average of three measurements. 2 3 Densified silica fume (DSF) and sonicated silica fume (SSF) were characterized using 4 transmission electron microscopy (TEM). One gram of the aqueous dispersion was 5 diluted in 100 g of distilled water. A tiny drop was placed on a carbon grid and dried for 6 a couple of hours at room temperature. The sample was analysed using a Philips SM10 7 and a maximum current of 100 kV. 8 9 Thermogravimetric analyses (TGA/DTG) were carried out in pastes cured for 1, 3, 7, 14 10 and 28 days. A TGA850 thermo-balance from Mettler Toledo and STARe ® software 11 v8.10 were used. Beforehand, the samples were milled, washed with acetone, filtered 12 and then dried at 60 ± 2 ºC for approximately 30 minutes. For the TGA, aluminium 13 crucibles of 100 μL were used and filled with 30±1 mg of dried sample. Samples were 14 heated up to 600 ºC with a heating rate of 10 ºC/min in a nitrogen atmosphere 15 
16
The microstructure of the samples after 28 days of curing was observed by scanning 17 electron microscopy (SEM) in a JEOL JSM6300 from Oxford Instruments. The 18 secondary electron images were obtained in samples coated with Au and using a current 19 of 20 kV. Complementary cross section images and EDX130 analyses were obtained 20 by backscatter electron mode SEM on a fragment of paste cured for 28 days and 21 embedded in an epoxy resin.
Results and Discussion. 1

Sonication Treatments of densified and non-densified silica fumes 2
The shift of the particle sizes distribution as a consequence of the sonication treatment 3 on densified silica fume (SSF samples obtained from DSF-1, DSF-2 and DSF-3) and 4 non-densified silica fume (SNSF samples obtained from NDSF-1 and NDSF-2) is 5 shown in figure 4. The volume of particles of smaller sizes was increased by the 6 sonication treatment due to the dispersion of agglomerates. The mean particle size of 7 SSF-1 after two and ten minutes was 7.83 μm and 2.41 μm, respectively. This treatment 8 applied to DSF-1 reduced the mean particle size by a factor of 34, compared to the 9 original untreated material. However, the sonication treatment was less effective for 10 DSF-2 and DSF-3, where the shift in their particle size distribution during the first four 11 minutes was considerably lower due to its superior agglomeration degree. The mean 12 particle size was up to two times larger than that of SSF-1. However, no significant 13 increase in the volume of sub-micrometer particles was observed, after longer treatment. 14 On the other hand, a pronounced shift in the first two minutes for SNSF-1 was 15 identified and no significant changes were observed with an increase in treatment time 16 (figure 4B). Sonication treatment applied to SNSF-2 for ten minutes resulted in a 17 consecutive process of de-agglomeration and agglomeration. stronger agglomerates that were more difficult to break apart were identified in SSF-2 6 and SSF-3. Therefore, sonication treatment of DSF-2 and DSF-3 resulted in a decrease 7 of the rate of particle size reduction with respect to that of DSF-1, as shown in figure 5 . and SSF-3 was 36.2% and 29.8%, respectively. These values were achieved after 10 9 minutes of treatment. The maximum de-agglomeration of SSF-1 and SNSF-1 which 10 occurred during eight minutes and two minutes of treatment respectively was 11 determined by analysis of the content of sub-micrometric particles, which was 12 approximately in the range of 65% to 62%. A decrease in sub-micrometric particle 1 content and an agglomeration process was observed for SNSF-2. A 35% -39% sub-2 micrometric volumes of particles for SNSF-2 was obtained when treatment was applied 3 for two to six minutes. However, on further increasing the treatment time to ten minutes 4 resulted in a 3.5% reduction in sub-micrometric particle volume. This behaviour might 5 be attributed to a reduction in electrostatic forces, which promotes the particle 6 agglomeration and reduces dispersion. Zeta potential is a property related to the electrical potential around a particle on the slip 11 surface within a double layer formed in the stationary layer of fluid attached to thedispersed particle (15). The liquid layer surrounding the particle is constituted in two 1 sections: the stern layer where the ions are strongly bounded to the particle and an outer 2 or diffusive layer where they are less strongly attached. Zeta potential is an indicator of 3 the stability of a colloidal system. If the suspension has a large negative or positive zeta 4 potential, particles will tend to repel each other and there will be no tendency for the 5 particles to come together or to agglomerate. However, if the particles have low zeta 6 potential values there will be no force to prevent the particles coming together. Table 3  7 shows the zeta potential measured for SSF-1, SNSF-1, SSF-2, and SNSF-2 suspensions between the content of sub-micrometric particles and particle size distribution, due to 18 the fact that electrophoretic mobility is only dependent on the particle size and shape, as 19 well as the properties of the electrolyte solution in which they are dispersed (16, 17) . 20 Therefore the lower value of zeta potential in SSF-2 is related to the lower content of 21 sub-micrometric particles and its low stability. Likewise, increasing sonication time 22 from 2 to 8 minutes for SSF-1 and SSF-2 has a positive effect on zeta potential, suchthat after 8 minutes of treatment, the zeta potential is up to 71% higher and the 1 suspension starts to become more stable. forces and are designed to break easily during handling and mixing. However, during 12 the manufacture process, the surface of the silica fume particles might melt and being in 13 direct contact with other particle, many hundreds of such particles can solidify together 14 to create new aggregates, where the formation of aggregates during condensation 15 depends on the particle concentration in the gas volume as well as the off-gas 16 temperature. This phenomenon is a frequent occurrence and creates bonds that are a lot 17 stronger than those of Van der Waals that are not so easy to break via traditional mixing 18 processes (18) . Figure 7D shows particles sintered exhibit solid material bridges that 19 cannot be dispersed or fragmented by sonication treatment. These types of sintered 20 particles could be the responsible for limiting the maximum content of sub-micrometric 21 particles obtained after the sonication treatment, so that complete 22 deagglomeration/dispersion cannot be achieved. Increasing the energy applied to DSFthrough longer sonication treatments, did not lead to further dispersion. Therefore, a 1 distinction between agglomerates and aggregates of silica fume might be identified, 2 where the strength of interparticle bonds determines the product properties, and the 3 energy needed for particle de-agglomeration could be considerably different. under the same conditions. Moreover, it is clear after comparing with paste samples of 15 DSF and NDSF that CH content can be reduced when SSF or SNSF is used. CH content 16 is further reduced when SSF-1 is added, presenting the highest reactivity with a fixed 17 portlandite up to 61.2% after 28 days. Although, the phases detected using TGA were 18 similar to those of DSF and SSF, it was noticed from DTG analyses that there was a 19 decrease in the content of CH with the use of SSF or SNSF compared to DSF or NDSF. 20
This behaviour was due to the increased pozzolanic activity that can occur when silica 21 fume is sonicated. Therefore, more C-S-H can be detected in sonicated pastes (SSF and 22 SNSF). This was identified by a slight increase in H 2 O released from hydrates phaseswhen compared to pastes with non-treated silica fume (DSF and NDSF) at the same 1 curing age. The pastes produced with sonicated silica fume present up to 44% lower CH content 10 than that of the pastes containing untreated silica fume. The sonication treatment 11 notably increases the reactivity of the silica fume regardless of the grade of 12 densification of the starting material. Sonicated silica fume used as a mineral admixture 13 in Portland cement systems, has a higher pozzolanic activity caused by its increased 14 ability to react with portlandite released from the cement hydration. At early ages of 15 curing, the reactivity of SSF-2 and SSF-3 is 14% higher than that of the original 16 materials without treatment (DSF-2 and DSF-3). In addition, the ability of sonicated 17 silica fumes to react with CH increases with curing age. Pastes with SSF-1, SSF-2, and 18 SSF-3 after 28 days of curing showed a 36%, 34%, and 43% reduction in portlandite 19 compared to pastes with densified silica fume (DSF-1, DSF-2, and DSF-3, 20 respectively). 21 The microstructures of pastes produced with SSF-1 and DSF-1 after 28 days of curing 4 were analysed using SEM/EDS. Figure 10A shows a SEM micrograph of the DSF-1 5 paste and identifies an un-reacted densified silica fume particle. The un-reacted 6 agglomerate is over 70 μm in size. Un-dispersed silica fume agglomerates present in 7 concrete have been reported by other authors (22, 23) . Alkali-silica reaction (ASR) in 8 silica fume aggregates has been also identified. However, this type of ASR detected in 9 concrete does not cause significant deterioration (7) . The backscattered SEM image 10 from figure 10B shows the cross section of un-reacted silica fume agglomerate with a 11 diameter larger than 80 μm.. However, a partial bond between silica fume agglomerate 12 and paste is observed in the backscattered image (indicated by an arrow in the fig. 10B ). 13 EDX analysis of the interface of DSF-1 agglomerate and hydrated paste of cement 14 shows a decrease in calcium content from the hydrated paste to the centre of the 1 particle. A lineal EDX examination (white line in figure 10B ) shows a various 2 compounds formed around interface during cement hydration, which presents a 3 different content of calcium and silica. At the border of the DSF agglomerate an atomic 4
Ca/Si ratio of 0.48 was identified (square 2 in figure 10B ) and might be attributed to the 5 presence of CH, as well as only a portion of C-S-H. However in the hydrated paste, this 6 atomic Ca/Si ratio was higher (2.80 according with EDX data in square 1 in figure  7 10B). Therefore, in the paste containing DSF-1, the formation of CSH due to the 8 pozzolanic reaction was concentrated around the agglomerates and the C-S-H content in 9 the hydrated paste was lower. 
